The reaction of zinc(II) nitrate and 4,4'-ethynylenedibenzoic acid (H 2 edb) in DMF at 80 °C gave the metal-organic framework material [Zn 4 O(edb) 3 (H 2 O) 2 ]·6DMF 1 in which edb ligands connect Zn 4 O centres into a doubly-interpenetrated cubic network with a similar topology to observed with other linear dicarboxylates in the IRMOF series. Analysis of the nitrogen isotherm revealed the material to have a BET surface area of 1088 m 2 g -1 , which is approximately one-third of the value calculated from GCMC simulations, suggesting incomplete activation or pore blocking in the activated material. The reaction of cobalt(II) nitrate and H 2 edb in DMF gave [Co 3 (edb) 3 (DMF) 4 ]·2.6DMF 2.
Introduction
Since the demonstration that coordination network structures can exhibit permanent porosity, 1 there has been an enormous surge of interest in this class of compound. [2] [3] [4] [5] [6] Much of the interest in these materials, often referred to as metal-organic frameworks (MOFs), has related to their hydrogen adsorption and storage properties. 7 More recently, however, areas such as catalysis, 8 carbon capture 9 and drug delivery 10 have become increasingly important. As the field matures, there has also been increasing interest in MOFs based on linkers that contain additional functionalities. As part of a broader programme on functionalised MOFs, 11, 12 we were attracted to the ligand 4,4'ethynylenedibenzoate (edb) because of the potential for further reaction of the carbon-carbon triple bond after the ligand had been incorporated into a MOF structure. There are two previous reports of the use of the edb ligand to prepare MOFs. In 2008, Hupp, Nguyen and co-workers reacted H 2 edb with zinc(II) in the presence of 4,4'-bipyridyl (bipy) to give [Zn(edb)(bipy)], which exhibits a four-fold interpenetrated structure containing distorted tetrahedral zinc(II) centres that are inter-linked by edb and bipy ligands. 13 Introducing substituents onto the 3- 6 SBUs that are linked into a three-dimensional network.
There were two main aims of the research described in this paper. Firstly, we wanted to determine whether this ligand could form networks that are isoreticular to known series of MOFs, thereby broadening the range of networks based on edb. Secondly, we wanted to establish whether the carbon-carbon triple bond could be modified post-synthetically 15 by coordination to an organometallic centre. Such post-synthetic modifications through coordination of a metal fragment to a MOF are relatively rare. Coordination of a Cr(CO) 3 fragment to the benzene rings of a 1,4-benzenedicarboxylate linker has been reported by Kaye and Long, 16 whereas Lin and co-workers modified a cadmium MOF by coordinating a titanium centre to give an enantioselective catalyst. 17 Coordination of catalytic metal centres to frameworks in which an amine or alcohol has been postsynthetically converted to a polydentate ligand has also been reported. [18] [19] [20] [21] [22] [23] 
Results and Discussion
With the first of these aims in mind, we initially targeted the well-established IRMOF series of MOFs, developed by Yaghi and co-workers. 24 As seen in Figure 1b , the eight edb ligands on two opposite sides of each cube in the network contain benzene rings that are almost co-planar (the angle between the two mean ring planes is 10°),
whereas the four edb ligands linking these faces together contain benzene rings that are perpendicular to each other (90° imposed by crystallographic symmetry). Despite its interpenetrated structure, 1 has significant pore volume in the form of channels that are approximately 12.0 Å in width. These contain diffuse solvent molecules, estimated by the PLATON SQUEEZE routine as six DMF molecules per formula unit. Figure 1c shows the structure viewed down the a-axis. The red spheres represent the largest van der Waals radius (16.0 Å) that could occupy the pore space without touching the framework itself.
The thermogravimetric analysis (TGA) of 1 revealed a mass loss between 150 °C and 200 °C of 37 %, representing removal of the included solvent molecules. This mass loss is consistent with eight DMF molecules per formula unit (calc. 36.7%), and is larger than that expected on the basis of the crystal structure. This difference could reflect inaccuracies in the estimation of the quantity of highly disordered solvent molecules in pores of this size. After solvent loss the MOF is stable until 300 °C, when it decomposes.
Prior to recording N 2 adsorption measurements, 1 was heated at 250 °C for 8 hours. An X-ray powder diffraction pattern recorded after this pre-treatment confirmed it had not lost crystallinity. Figure 2a shows the N 2 isotherm for the activated sample of 1 in comparison with the simulated adsorption based on a GCMC protocol. The BET surface area for 1, calculated using the Rouquerol method, 25 gives a value of 1088 m 2 g -1 , which is approximately one-third the value suggested by the simulations (3156 m 2 g -1 ). This difference may be related to either incomplete activation or partial framework collapse on activation. Interestingly, as shown in the log plot in Figure 2b , there is initially higher experimental uptake than anticipated from the simulations. This means that the solid fluid energy is higher in the experiments than in the simulations, which in turn implies that something is creating stronger adsorptions sites than would be expected from the crystallographic data. Although the nature of this is unknown, the presence of something in the pores facilitating the increased initial uptake is consistent with the lower than expected total nitrogen uptake. 26 In terms of ligand length, edb (13.8 Å) lies between bpdc (11.2 Å) and tpdc (15.5 Å). Thus, it might be expected that the pore sizes present in the structure of 1 would lie between those in IRMOF-9 and IRMOF-15, both of which are also doubly-interpenetrated. As noted above, the 6 radius of the spheres representing the largest van der Waals radius that could occupy the pore space without touching the framework is 16.0 Å, which is greater than the equivalent value for IRMOF-9 (Pm-3m, a = 21.4903(13) Å), these crystals can be tentatively be identified as the noninterpenetrated version of 1. Unfortunately, these crystals did not diffract well, thwarting a full analysis by single crystal methods.
The second system targeted was based on cobalt(II). While an extended isoreticular series is not known for cobalt dicarboxylate MOFs, there are a number of structures that contain Co 3 (O 2 CR) 6 SBUs, in which the six carboxylates radiate at approximately 60° angles from a Co 3 hub. [27] [28] [29] [30] Such networks are not unique to cobalt, and have also been observed for other metals including zinc, [31] [32] [33] [34] cadmium 35 and magnesium. 36, 37 The reaction between Co(NO 3 8
The X-ray powder diffraction pattern for 2 matches that simulated from the crystal structure, revealing that the bulk material is homogeneous. However, crystals of 2 rapidly lose solvent, with an accompanying loss of crystallinity, suggesting that 2 is not a good candidate for gas adsorption studies. When crystals of 2 were placed under vacuum, they changed colour from pink to a deep blue. This is consistent with loss of the coordinated DMF molecules from the terminal cobalt When a metal fragment coordinates to an alkyne, the carbon-carbon bond order is reduced, and as a consequence the substituents are normally observed to bend away from the metal centre(s). For example, in the crystal structure of [Co 2 (CO) 3 (PhC≡CPh)], each phenyl ring has rotated by 40° from the linearity observed in PhC≡CPh. 39 In a MOF, the resultant change in the preferred angle between the two coordinating carboxylate groups in the linker will introduce strains into the network. Such strains might lead to partial collapse at the surface of the framework, thus preventing further reaction by blocking entrances to the crystal interior.
In conclusion, we have demonstrated that edb can form MOFs that are isoreticular with those formed by other dicarboxylates such as the shorter bpdc, and that the pore volumes of the resultant MOFs are consistent with the length of the linkers. Post-synthetic modification reactions with metal carbonyls reveal that the carbon-carbon triple bond can coordinate to a metal fragment, though reactions to date have been limited to modifications of the external crystal surfaces. We are currently working to circumvent this limitation with a view to extending the range of post-synthetic modification reactions possible with MOFs containing the edb linker.
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Experimental
General synthetic details and the synthesis of 4,4'-ethynylenedibenzoic acid (H 2 edb) are described in the ESI. 3 preventing an accurate microanalysis from being obtained. However, the identity of the bulk material was confirmed by comparing the X-ray powder diffraction pattern with that simulated from the crystal structure (Fig. S3 ).
Synthesis of [Zn 4 O(edb)
Solvatochromism was observed by placing the crystals in a small amount of solvent in a round bottom flask, which was then placed under vacuum. After the solvent evaporated the crystals slowly changed colour to a deep blue. The blue crystals were seen to break down in air, so were kept under nitrogen. On addition of DMF they returned to their original pink colour but appeared to have lost some crystallinity as they had become opaque. The loss of crystallinity was confirmed by X-ray powder diffraction.
The reaction of 1 with [Co 2 (CO) 8 ]
[Co 2 (CO) 8 ] (0.010 g, 0.029 mmol) was placed in a Schlenk tube, and dissolved in dried, deoxygenated dichloromethane (10 cm 3 ). This solution was transferred under nitrogen to a second Schlenk tube containing 1 (0.020 g, 0.013 mmol), and the reaction mixture was left for 5 days at room temperature. After this time, the resultant dark red crystals were separated by filtration and examined under a microscope before IR analysis.
Crystallography
The data reported for 1 were collected at 200 °C, as data collections at lower temperatures were hampered by a possible phase transition. The crystals decomposed in the X-ray beam, so low sigmas on the intensity data were sacrificed in order to get a 'complete' data set before degradation of the sample. This adversely affected R(int), such that data were truncated to 22°. The asymmetric unit for 1 consists of one full zinc atom, one full edb ligand, two half-occupancy zinc atoms (located at special positions coincident with a crystallographic mirror plane in the space group symmetry), one half of a edb ligand (wherein O6, O7, O8, C18-26, C29, C30, O8 -and associated hydrogens where relevant also lie on the mirror plane), two half water molecules (O9, O10 -also on the mirror symmetry element), and approximately three DMF molecules. The water hydrogen atoms could not be located reliably, and hence were omitted from the final least squares refinement.
The DMF was very diffuse / disordered. Hence the data were subjected to the PLATON SQUEEZE routine, from which the estimate of three molecules per asymmetric unit arose. This solvent was accounted for in the unit cell contents during the final least squares cycles.
The asymmetric unit for 2 consists of one and a half cobalt centres, one full edb ligand, one half of an edb ligand, one DMF ligand and two areas of free solvent. The latter comprises of one DMF fragment with 50% occupancy plus one DMF fragment with 80%. The partial solvent was refined subject to similarity restraints for the bond distances and ADPs therein. There was clearly some disorder in these two areas, which is not unsurprising, but this could not be readily modelled. The largest difference peak in the electron density map is associated with the free solvent.
